Introduction
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2To whom correspondence should be addressed: Rt. 1, Box 2021. Received October 4, 1993. Accepted December 21, 1993. consumed during late pregnancy (MacDonald, 1952; Short et al., 1992) . This results in large economic losses each year to the beef cattle industry in the western United States (Lacey et al., 1988) . The economic and production losses are highly variable and unpredictable (James et al., 1989) . The effect of pine needle consumption in pregnant cows is a premature parturition rather than abortion (James et al., 1989) ; however, the accepted terminology, abortion, will be used throughout this paper. Both green and dry needles cause the effect (Jensen et al., 19891 , and bark and branch tips also contain the abortifacient material (Panter et al., 1990) . The mechanism of action of the ingested pine needles involves constriction of the maternal cotyledon arterial bed (Christenson et al., 1992131 , which results in a profound decrease in uterine blood flow, stress to the calf, and induced parturition (Christenson et al., 1992a) . Forage digestibility and rumen function are affected by pine needle ingestion (Adams et al., 1992; Pfister et al., 19921 , but these effects apparently are unrelated to the abortifacient effect. Not all cows that graze in areas of Ponderosa pine abort (James et al., 1989) , so there must be conditions (Pfister and Adams, 1993) in which either cows do not eat pine needles or needles have no effect if they are consumed. These experiments were conducted to determine the effect of dietary variables either on quantity of needles consumed or on responses of cows after they eat pine needles.
ET AL.
Materials, Methods, and Results
General experimental protocols were as described by Short et al. (1992) . Pine needles were collected from mature Ponderosa pine trees in Custer County, MT. Live trees were cut during the winter. Needles were collected by stripping at the time the trees were cut or by cutting branches and stripping needles after allowing them to dry. Air-dried needles were ground through a hammermill with a 2.25-cm screen and mixed ( 2 kg.cow-l-d-l) with the basal diet at the time of feeding, or needles were available for ad libitum consumption in a separate bunk. In these experiments a negative control group was fed only a basal hay diet, and a positive control group was fed the basal diet with PN mixed in it. Cows that aborted were injected with 20 mL of an antibiotic (Penstrep@, Durvet, Blue Springs, MO) each day for 3 d after calving to prevent complications from retained placentas (Short et al., 1992) . The cattle were multiparous Hereford or crossbred cows that weighed from 450 to 675 kg. Breeding dates were known so that feeding pine needles could be started at -250 d of pregnancy (range = 247 to 253). Statistical comparisons were made by chi-square for discrete data and with ANOVA for continuous data using single degree of freedom contrasts in an unweighted means analysis. Experiment 1. Thirty-two cows were used to study the effects of dietary protein level and availability of straw on consumption of PN and abortion response to PN (Table 1) . Isocaloric diets were either high ( HP = 1,020 g/d) or adequate ( A P = 710 g/d) for protein requirements (NRC, 1984) . Dietary protein was increased for HP cows by partially substituting soybean meal supplement for grass hay. Coarseground wheat straw was either not fed or was available free-choice. Air-dried, intact PN were available for ad libitum consumption to all cows until parturition. The basal diet, straw, and PN were fed in separate bunks. Cows were paired by weight and breeding date, and each pair was penned separately during the trial. Four pairs were assigned t o each of the four treatments. Feed consumption was measured by pair but is reported on a per-cow basis.
All cows ate pine needles and aborted ( Table 1 ). The HP diet increased consumption of PN ( P < . l ) , but this difference in consumption was not reflected in abortion response. Interval to calving was similar ( P > .5). There was no effect of dietary protein level on straw consumption, and straw had no effect on PN consumption or interval to calving.
Experiment 2. Forty cows were assigned at random to one of five treatments to study the effect that weathering of needles, feeding a mineral supplement, or feeding corn silage rather than hay had on response to feeding pine needles and to determine whether abortions continued after feeding pine needles was discontinued. The five treatments (Table 2 ) were 1 ) negative control, fed 8.2 kg of hay; 2) positive control, hay + PN, cows were fed 6.1 kg of hay and 2 kg of pine needles per day until 50% had aborted; 3 ) PN + magnesium supplement (magnesium amino acid chelate), diet as in Treatment 2 with the addition of 20 g of the magnesium supplement per day; 4 ) hay + weathered pine needles, the diet was as in Treatment 2 except that the pine needles were allowed to weather for 12 mo at the site of collection on trees that had ddbrCMeans with different superscripts in these rows differ, P < .05; pooled standard error = 2.55. been cut; and 5 ) silage + PN, diet the same as in Treatment 2 except that corn silage was substituted for hay on an equivalent energy basis. Pine needles were mixed with the daily feed and fed until 50% of Treatment 2 cows had aborted ( 7 d).
Results are summarized in Table 2 . Feeding PN shortened the interval to parturition ( P < .01). There were no residual effects of PN after PN feeding was stopped in Treatment 2; the remaining four cows calved normally. Feeding a magnesium supplement, a silage-based diet, or weathering the PN did not decrease ( P > . 5 ) the response to PN.
Experiment 3. This experiment was conducted to determine whether ground needles would lose their abortifacient activity if they were left exposed to air for several months, whether residual effects of PN persist after feeding is discontinued, and whether feeding bentonite or a mineral supplement would prevent abortions. The experiment is outlined in Table   3 . A portion of the pine needles were ground the previous summer, spread out on a concrete floor in an unheated building, and left until they were fed the next March. The remainder of the needles were not ground until within a week of being fed. The magnesium supplement tried earlier did not prevent abortions, so a more complete mineral supplement was used t o determine whether it would prevent abortions. Needles were fed for 2 wk or until abortion occurred. Mineral supplement3 was fed starting 60 d before and bentonite 7 d before the experiment started.
Results are summarized in Table 3 . Pine needles induced abortions ( P c . O l > , and, as in the previous experiment, there were no residual effects of PN after feeding was discontinued (Treatment 2). Aging the PN after they were ground, feeding bentonite, or feeding a mineral supplement did not decrease the Experiment 5. Differences in dietary components do not affect response to PN when the PN are mixed in the diet, but diet differences may affect the consumption of PN when they are available for ad libitum consumption. This experiment was conducted to determine the effects on abortion rate when PN were continuously available with a silage-based vs a haybased diet and the diets were either limit-fed or available continuously. Forty-three cows were assigned to one of five treatments, summarized in Table  5 . Treatment 1 was a negative control; the remaining four treatments constituted a 2 x 2 factorial arrangement.
Cows that were fed a basal diet of corn silage did not abort, compared with a high percentage of cows that aborted after being fed a hay diet (Table 5 , P < .05). Whether the diets were limit-fed or available continuously had no effect. Consumption of PN was not measured because the cows were group-fed; however, no cows in the corn silage groups were observed eating needles, and no needles were removed from the bunks based on daily weigh-backs of bunk contents. 
Discussion
Feeding high-protein, hay-based diets increased pine needle consumption relative to feeding a lowerprotein diet (Exp. 1). Kartchner (1980) showed that protein supplementation can increase intake of lowquality forage in grazing cattle. The effect of dietary protein level on pine needle intake may be similar. Although the difference in PN consumption was not reflected by differences in abortion response, producers should use caution when using high-protein diets when cows would be at risk for PN-induced abortions. Abortion rates with unlimited availability of PN were higher in Exp. 1 when pen space was limited than in Exp. 4 and 5 , in which pen sizes were much larger and cows were group-fed. Behavioral aspects associated with degree of confinement (boredom?) may play a role in propensity for PN consumption. The interval to abortion was longer and more variable in Exp. 1 when needles were freely available than when needles were mixed with the diet (Short et al., 1992 and Exp. 2, 3, and 4). Mixing needles with the diet must remove intake variation that exists when the needles are eaten free-choice.
A common problem that producers must deal with is the situation in which cows in late pregnancy are grazing in areas with Ponderosa pine and they start aborting. What about the cows that have not aborted at this time but may have eaten pine needles? Are there residual or carry-over effects? These experiments and those reported earlier (Short et al., 1992) address this question. Cows that were removed from exposure t o pine needles stopped aborting in 2 d, and there were no residual or carry-over effects observed in the cows that had not aborted at that time. They calved normally. There also is no residual effect on fertility of cows that abort after consuming pine needles (Short et al., 1992) . It must be stressed, however, that these cows were treated with antibiotics to prevent complications from retained placentas. Retaining cows for the breeding herd is an acceptable practice as long as they have been treated appropriately.
Because there are no carry-over effects, a viable management option that can be used in herds exposed to pine needles in late pregnancy is to continue grazing in those areas with pine trees until cows start to abort. Then, all remaining cows should be removed from any continued exposure to pine needles. There is no continued risk to the remaining cows, and available forage in pastures containing access to pine needles can be used. The risk of some losses needs to be balanced against the value of the forage that is used. 14.7* *Treatments: SD, corn silage diet; HD, alfalfa hay diet; L, diet limit-fed; AL, ad libitum consumption;
'Interval from start of the experiment ( a t 250 d of gestation) to parturition.
C*dMeans with different superscripts in this row differ, P < .05; pooled standard error = 9.4.
PN ad libitum access to pine needles.
Another problem that confronts producers is the question of what source of needles create a risk. These experiments and those of others (MacDonald, 1952; James et al., 1989; Jensen et al., 1989; Short et al., 1992) document that any source of needles from Ponderosa pine creates a risk factor. The needles can be fresh, dried, weathered, aged, and from a wide range of collection sites. Any source of needles from Ponderosa pine should be treated as a risk factor. Producers should be especially cautious when trees or branches are being removed from areas either for logging or to reduce risk (Gartner et al., 1988) . Downed trees and branches, whether fresh or weathered, should be removed immediately, or, preferably, areas being cleaned up or logged should not be used as pasture for cows in late pregnancy.
Mineral supplementation has been reported by producers to prevent the effects of pine needles. There may be a biological basis for these observations in that the mechanism of action involves Ca2+ ions. Christenson et al. (1992a Christenson et al. ( ,b, 1993 showed that pine needles exert their effect through a profound constriction of the uterine arterial bed, resulting in a decreased blood flow and induced parturition. Decreases in uterine arterial blood flow seem to involve catecholamine activation of a2-adrenergic receptors on the vascular smooth muscle membrane (Ford, 1989 . Specifically, as-activation facilitates extracellular uptake of Ca2+ through specific membrane channels (potential sensitive channels), resulting in decreased vessel diameter and uterine blood flow. Mineral imbalances may accentuate this response. However, the results of Exp. 2,3, and 4 do not support this hypothesis because neither the two mineral supplements nor the saltsulfur block decreased the response to PN feeding. These experiments provide no evidence that mineral supplementation will prevent the effects of PN. If the effect of mineral supplementation is on PN consumption, then these experiments do not address that possibility because the PN were mixed with the diet.
Bentonite is commonly used in cattle diets as a binder, filler, or nutritional enhancer, but it also has unique chemical properties that allow it to bind organic molecules (Carson and Smith, 1983; Cadena, 1989) . If it would bind the chemical(s) that causes abortions, then it would be useful to prevent abortions. Data from Exp. 4 do not support that hypothesis because bentonite did not reduce effects of pine needles.
Feeding corn silage as the basal diet prevented cows from eating pine needles (Exp. 5). We do not know the basis for this effect, but it may involve amount of fill or physical differences between the diets. Silage-based diets are probably not options t o be considered by producers to minimize risks because silage is not readily available in most cases. None of the other variables affected either response to PN or consumption of PN. Feeding a novel forage such as straw or feeding supplemental mineral and(or) salt has been purported to decrease effects of pine needles based on circumstantial evidence, and bentonite has been shown to remove some toxic substances. However, based on the experimental data presented here, we conclude that these variables are not management options to decrease risk unless they can be used to draw cows away from pine trees.
Implications
Production losses can be high in areas where cows are exposed to Ponderosa pine trees during late pregnancy. We have shown in these experiments that high-protein diets may increase the risk of these losses and that the losses cannot be decreased by straw, mineral, salt, or bentonite (chemical binder) supplementation. Producers should be aware that few options exist to decrease the risk of pine needleinduced abortions other than physically isolating cows from exposure during late pregnancy. Exposure to any source of pine needles, whether they are fresh, dry, weathered, on the ground, on standing trees, or on fallen trees, should be avoided.
